We consider the leptonic and semileptonic (SL) lepton flavour violating (LFV) decays of the charged leptons in the minimal supersymmetric standard model (MSSM). The formalism for evaluation of branching fractions for the SL LFV charged-lepton decays with one or two pseudoscalar mesons, or one vector meson in the final state, is given. Previous amplitudes for the SL LFV charged-lepton decays in MSSM are improved, for instance the γ-penguin amplitude is corrected to assure the gauge invariance. The decays are studied not only in the model-independent formulation of the theory in the frame of MSSM, but also within the frame of the minimal supersymmetric SO(10) model within which the parameters of the MSSM are determined. The latter model gives predictions for the neutrino-Dirac Yukawa coupling matrix, once free parameters in the model are appropriately fixed to accommodate the recent neutrino oscillation data. Using this unambiguous neutrino-Dirac Yukawa couplings, we calculate the LFV leptonic and SL decay processes assuming the minimal supergravity scenario. A very detailed numerical analysis is done to constrain the MSSM parameters. Numerical results for SL LFV processes are given, for instance for τ − → e − (µ − ) π 0 , τ − → e − (µ − ) η, τ − → e − (µ − ) η ′ , τ − → e − (µ − ) ρ 0 , τ − → e − (µ − ) φ, τ − → e − (µ − ) ω, etc.
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Introduction
The neutrino oscillation experiments gave a first experimental evidence beyond the standard model (SM) of the electroweak interactions. In the SM, neutrinos are massless, purely left-handed particles, so there is no leptonic analogy of the Cabibbo-Kobayashi-Maskawa (CKM) matrix in the SM. The neutrino oscillation experiments proved that the neutrinos do mix and that they do have mass. The mixing matrix in the lepton sector, the MakiNakagawa-Sakata (MNS) matrix has bi-large mixing structure, indicating that the source of the lepton-flavour mixing is different from the corresponding mixing in the quark sector. The lepton-flavour mixing observed in neutrino oscillation is the first confirmation that the lepton flavour is not conserved quantity. Therefore, experimental observation of the other lepton-flavour violating (LFV) processes is naturally expected. Theoretical study of such processes has a long history before the observation of neutrino oscillations. The model independent study of the operators using the SM fields [1, 2, 3] shows that there are no LFV operators of dimension less or equal to four. There is one dimension five LFV operator that induces neutrino oscillations. The LFV decays can be induced only with the operators of dimension six or more. As the new physics is expected to appear at the scale much larger than the electroweak scale ∼ 246 GeV, the LFV decay effects are expected to be much more suppressed than the neutrino oscillation effects. Model independent study of the LFV processes gives the limits on LFV which every model has to satisfy. A model dependent analysis depends on the structure of the model, but are much more predictive than the corresponding model independent analysis. Therefore, the both approaches are indispensable for a theoretical study of LFV. Although the leptonic LFV processes have been studied extensively both in model independent way and using various models [4, 5, 6] , the semileptinic (SL) LFV processes have been studied only in few models [7, 8, 9, 10, 11, 12, 13] . The supersymmetric (SUSY) models have much nicer theoretical properties than their non-SUSY counterparts. For example, quadratically divergent contributions to the Higgs boson mass from heavy (e.g. GUT scale) particles cancel with its SUSY partners and as a result the gauge-hierarchy problem is much better resolved. The supersymmetrization of the SM cannot be done without additional assumptions. For instance, in the supersymmetric version of the SM there are dimension four operators violating both the lepton number (/ L) and the baryon number ( / B), leading to very fast proton decay. That led us to the introduction of a discrete Z 2 symmetry, so called, R-parity to forbid such undesirable terms. The SUSY breaking also has to be done in such a way not to induce too large flavour violation effects. There are few successful SUSY breaking mediation mechanisms, such as gravity mediation [14] , gauge mediation [15] , anomaly mediation [16] , gaugino mediation [17] , radion mediation [18] , etc. The best established among them is the minimal supergravity model (mSUGRA) [14] which assumes that the SUSY breaking occurs in the hidden sector at very high scale, which communicates with the visible sector (containing SM) with flavour-blind gravitational interactions. The induced soft SUSY breaking mass terms are requested to be universal at the SUSY breaking mediation scale (say, the (reduced) Planck scale), and are therefore flavour-diagonal. The magnitude of the soft SUSY breaking mass terms obtained is in the range to induce potentially observable consequences in the visible sector. The renormalization group (RG) flow from the (reduced) Planck scale to the mass scale of the right-handed neutrinos, induces the flavour non-diagonal terms in the SUSY soft breaking terms for the sleptons, through the flavor-non diagonal Diracneutrino Yukawa matrices they contain [19] . They can lead to considerable LFV effects, which, depending on the model parameters can be in the range of the forthcoming LFV experiments [20] .
In this paper, we assume the MSSM with three right-handed neutrinos as the lowenergy effective theory below the GUT scale. In such a framework, neutrino oscillation data suggest the existence of very massive right-handed neutrinos which give rise to the small left-handed neutrino masses through the see-saw mechanism [21] . In SO(10) models, the required right-handed neutrinos can be naturally embedded into the common multiplet together with the SM particles for each generation. In this paper, the minimal renormazible SUSY SO(10) model [22, 23, 24, 25, 26, 27] will be taken as a starting theoretical frame. One of the advantageous points of this model is the automatically conserved R-parity defined as R = (−1) 3(B−L)+2S , where S represents the spin of a field. Namely, the SO(10) model discussed here spontaneously breaks the gauged B − L symmetry by two units, leading to an automatic R-parity conservation. The breaking of SO(10) group to the SM gauge group, [28, 29] and its phenomenological consequences [6, 30, 31] has already been discussed in our previous publications.
The main goal of this paper is an analysis of neutrinoless SL LFV decays of charged leptons within the MSSM model where parameters are obtained from the underlying SO(10) model. At the same time we intend to see how the previous phenomenological analyses constrain the LFV parameters. The paper consists basically of three parts which are given in three sections. In section two, we give the MSSM form factors comprised in the LFV amplitudes at the quark-lepton level. We rederive these form factors, because some of them were not derived completely in the previous literature. In section three, the charged-lepton SL LFV amplitudes at lepton-meson level are derived using a simple hadronization procedure for the quark currents. The branching ratios corresponding to these amplitudes are also given. In section four, the minimal renormalizable SUSY SO(10) model is described, the parameters of the MSSM model are derived from the SO(10) model, too. Using the predicted Yukawa couplings in the minimal SO(10) model, we perform a numerical estimation for the SL LFV processes. The last section is devoted to a summary. In Appendix A, we give our notation for the mass matrices of the neutralino, chargino and sfermions. The MSSM Lagrangian for fermion-sfermion-(gaugino, Higgsino) interaction and the trilinear interactions with Z boson are given in Appendix B and C, respectively. In appendix D we present the loop functions needed to evaluate the SL LFV processes. The quark content of meson states, essential for the hadronization of quark currents, is listed in Appendix E, together with constants that define the hadronized quark current in γ-penguin and Z-boson-penguin amplitude.
Effective Lagrangian for LFV Interactions
Sources for LFV Interactions
Even though the soft SUSY breaking parameters are flavour blind at the scale of the SUSY breaking mediation, the LFV interactions in the model can induce the LFV sources at low-energy through the renormalization effects. In the following analyses we assume the mSUGRA scenario [14] as the SUSY breaking mediation mechanism. At the original scale of the SUSY breaking mediation we impose the boundary conditions on the soft SUSY breaking parameters, which are characterized by only five parameters: m 0 , M 1/2 , A 0 , B and µ. Here, m 0 is the universal scalar mass, M 1/2 is the universal gaugino mass, and A 0 is the universal coefficient of the trilinear couplings. The parameters in the Higgs potential, B and µ, are determined at the electroweak scale so that the Higgs doublets obtain the correct electroweak symmetry breaking VEV's through the radiative breaking scenario [32] . The soft SUSY breaking parameters at low energies are obtained through the RGE evolutions with the boundary conditions at the GUT scale.
Although the SUSY breaking mediation scale is normally taken to be the (reduced) Planck scale or the string scale (∼ 10 18 GeV), in the following calculations we impose the boundary conditions at the GUT scale (∼ 10 16 GeV), and analyze the RGE evolutions from the GUT scale to the electroweak scale. This ansatz is the same as the one in the so-called constrained MSSM (CMSSM).
The effective theory which we analyze below the GUT scale is the MSSM with the right-handed neutrinos. The superpotential in the leptonic sector is given by 6) where the distinct thresholds for the right-handed Majorana neutrinos are taken into account by the matrix L ij = log
We can see that the neutrino-Dirac-Yukawa coupling matrix plays the crucial role in calculations of the LFV processes.
Effective Lagrangian in terms of quark fields and LFV form factors
In any model containing standard model as the low-energy effective theory, an effective Lagrangian for the SL LFV decays of a lepton contains only three terms: the photonpenguin, the Z-boson-penguin and the box term,
These terms have the following generic structure, 10) where s W = sin θ W and c W = cos θ W , Q q is the quark charge in units of e, and I 3q is weak quark isospin. D(x − y) is the Green function for the massless scalar particle, contained in the photon propagator. The structure of the photon-penguin term in the effective Lagrangian is a consequence of the gauge invariance. Especially, the first term must contain / ∂ x ∂ xµ , which was neglected in reference [20] . The information on the model under consideration is contained in the form factors P
, and B L,R aqaq b , a = 1, 2, 3, 4. In the following three subsections these form factors are given for the MSSM.
The photon-penguin form factors
The amplitude for ℓ i → ℓ j γ * for an off-mass-shell photon process is obtained the from corresponding part of the effective Lagrangian neglecting the quark current and the photon propagator,
The amplitude is written without photon polarization vector. In the MSSM the photon-penguin amplitude has two contributions, a chargino and a neutralino contribution. That reflects in the structure of the form factors,
with C and N subscript denoting the chargino and neutralino part of a form factor. Because of the gauge invariance, the zeroth-order and the first-order term in Taylor expansion in momenta and masses of incoming and outgoing particles are equal zero. Here, the second order term in Taylor expansion is presented, and higher order terms are neglected.
The neutralino contributions are
. The chargino contributions are given by 20) where
. The form factor contributions are written in the same way as in Ref. [20] , including the loop functions into the expressions, to make the comparison with the results of Ref. [20] easy. Both chargino and neutralino parts of the form factors agree with the corresponding form factors in the reference [20] if the terms proportional to the mass of the lighter mesons m j are neglected. Nevertheless, these terms cannot be neglected, because the constants N L,R(e) jAX and C
L,R(e) jAX
(see Appendix B) also depend on the lepton masses is such a way that in some cases the term proportional to m j is larger than the term proportional to the mass of decaying lepton m i .
The Z-penguin form factors
The amplitude for ℓ i → ℓ j Z * , for the off-mass-shell Z-boson process, (obtained analogously as the photon-penguin amplitude) is
where
are the chargino and neutralino part of the total form factors, P L,R Z . Here are the expressions for these form factors:
G L Ze and G R Ze are constants appearing in the SM Ze i e j vertices, in comparison with Ref. [20] are third (self-energy-type term) and fourth term. Further, neither of our terms in P (C)R Z does agree with amplitude in Ref. [20] , although the expression in the curly brackets is almost equal to it.
The box form factors
The box contribution to the SL LFV ℓ → ℓ iqa q b amplitude comes from two box-diagrams in the leading order of perturbation theory. The box-amplitude reads
The very rich structure of the box-diagram amplitude is a consequence of the Fiertz transformation of the terms with product of lepton-quark and quark-lepton vector and axial-vector currents. All currents permitted by the Dirac algebra do appear. Each boxamplitude form factor has a chargino (C) and a neutralino (N) contribution.
Here and in the following equationsq a q b assume the values appearing in the sum in Eq. (2.27). Neutralino contributions read
The chargino contributions are 
Amplitudes and branching ratios
Hadronization of currents
The effective Lagrangians (the matrix elements) for photon and Z-boson part of the amplitudes for SL LFV lepton decays comprise vector and axial-vector currents, but box amplitude contains all possible quark currents permitted by Dirac algebra, that is scalar-, pseudoscalar-, vector-, axial-vector-and tensor-quark currents. To perform calculation of charged-lepton SL LFV decays rates these currents have be converted into meson currents comprising mesons that appear in the possible final products of the charged-lepton SL LFV decays we study here. The hadronization procedure we use here is not exact in the sense that we do not include the sea-quark and gluon content of the meson fields, but it is precise enough to give much better than order of magnitude decay rates of the processes considered here. The quark content of the meson states is given in Appendix E. The hadronization of axial-vector current is achieved through PCAC (see e.g. ( [34, 35, 36] ); for normalization of pseudoscalar coupling constants used here and for further details see [7] ). The hadronization of the vector current is achieved using vector-meson-dominance assumption (see ( [35, 36] ); for normalization of the vector meson-decay constant and details see [37, 7, 8] ). Hadronization of scalar currents is achieved by comparing the quark sector of the SM Lagrangian and the corresponding effective meson Lagrangian [38] (for applications in content of LFV and details see [8] ). Hadronization of the pseudoscalar current is obtained by the same procedure as for the scalar current. The results obtained by using this procedure is equal to the result obtained by using equation of motion for current-quark masses (see e.g. [39] ) and results for hadronization of axial-vector current up to the difference of up and down quark masses or up to the difference of pseudoscalar decay constants. The hadronization of the tensor-quark currents is obtained by comparing the derivative of tensor-quark current with vector-quark current and using the equations of motion for current quark masses. The difference between terms, one containing the derivative of the incoming quark field and the other containing derivative of the outgoing quark field, have been neglected. The error expected from this approximation is proportional to the amount of breaking of SU (3) flavour symmetry. The tensor currents are proportional to the current quark masses, and therefore give smaller contribution than the other quark currents. Therefore, the error introduced by this approximation in the total SL LFV amplitude is small.
Here we summarize the basic quantities needed to describe the hadronization of quark currents. 1. The pseudoscalar meson decay constants [43] 
that appears in the hadronization procedure for scalar and pseudoscalar currents.
Having the identification of the quark currents with the corresponding meson currents, achieved by the above hadronization procedure, one can write down the effective Lagrangian as a sum of terms with an incoming lepton field ℓ i and outgoing lepton field ℓ j and pseudoscalar meson (P ) or vector meson (V ) field(s). This Lagrangian directly gives the amplitudes for the ℓ i → ℓ j P (V ) processes. Amplitudes with a pseudoscalar meson in the final state contributions come from the pseudoscalar and axial-vector coupling part of the effective Lagrangian, while the amplitudes with vector mesons have vector and tensor coupling contributions. Only the scalar coupling gives no contribution to the one-meson processes in the final state, ℓ i → ℓ j P (V ). They contribute only to the processes with two pseudoscalar mesons in the final state, ℓ i → ℓ j P 1 P 2 .
Vector-meson-pseudoscalar-meson interactions
The processes with two pseudoscalar mesons in the final state are generated by the scalarquark-current part of the effective Lagrangian, and vector-quark-and tensor-quark-current of the effective Lagrangian. The scalar-quark-current part of the effective Lagrangian produces two pseudoscalar fields directly. The vector-quark-and tensor-quark-current parts produce a resonant vector meson state (V), which decays into two pseudoscalar mesons (P). The V P P interactions necessary for description of the V P P interactions appearing in the charged-lepton SL LFV decays are described by the part of the meson Lagrangian containing these V P P vertices [8]
This Lagrangian is a part of the nonlinear (
V breaking terms, too [41] . That was applied to SL LFV tau-lepton decays in Ref. [8] , but for the estimates of the charged-lepton SL LFV decays it is unnecessary complication, and we will not consider it here. From Eq. (3.2) one can read of the c V P 1 P 2 couplings in terms of g ρππ coupling. For instance, c ρ 0
When the amplitudes with vector-meson resonance(s) are formed, the square of the vector meson mass in the m 2 V /γ V , appearing in every vector meson decay constant, has to be replaced with (m 2 V − im V Γ V )/γ V , where Γ V is the decay width of the vector meson [8] .
Charged-lepton SL LFV with one meson in the final state
Now we can write down all amplitudes we are interested in. (Notice that the axial-vector mesons (A) are not included. They decay into three pseudoscalar mesons, and therefore the amplitudes are much more complicated. New vertices with A − V − P couplings should be included, kinematics is much more involved etc. The scalar mesons are also not included. They also lead to complications.). They are given as follows.
The form factors in Eqs. (3.3) and (3.4) are defined as follows:
In Eqs. (3.10) and (3.11) s L = 1 and
A branching ratio for the processes ℓ i → ℓ j P with unpolarized initial and final particles reads
where Γ l i is a total decay rate of the lepton l i and
and λ(x, y, z) = x 2 + y 2 + z 2 − 2xy − 2xz − 2yz. (3.14)
A branching ratio for the processes ℓ i → ℓ j V with unpolarized initial and final particles reads.
SL LFV decays of a lepton with two pseudoscalar mesons in the final state
Amplitude for a general ℓ i → ℓ j P 1 P 2 decay rate is a sum of scalar-coupling contribution and resonance contributions (coming from vector-and tensor-coupling contributions)
In Eq. (3.18) D
1L,R and E
1L,R are form factors built from the trilinear c V P 1 P 2 couplings (defined by the Lagrangian (3.2)), normalized vector-meson propagators,
and form factors for ℓ i → ℓ j V processes divided by the the mass of the resonant vector meson, e.g.P
The expressions for the D
1L,R form factors are
The sum goes over neutral vector mesons only (V = ρ 0 , φ, ω, K * 0 , K * 0 ). The coefficients of the non-resonant part of the amplitude, the constants A 1P 1 P 2 , are defined as the coefficients of the P 1 P 2 product of fields contained in the matrix-valued operator
where Π is a matrix of pseudoscalar fields
For example,
Having the amplitudes one can easily evaluate the branching fractions. We assume that incoming and outgoing particles are not polarised. are well known [43] . Thē I integrals read,
j2 + 2s j2 (e 1 + e 2 ) + (2e 1 e 2 − e 3 e 4 )1,
j2 (e 10 ) + 2s j2 (e 5 e 10 + e 9 e 10 − e 6 e 7 − e 8 e 7 ) + 2((e 5 e 6 e 7 + e 8 e 9 e 7 − e 5 e 9 e 10 − e 8 e 6 e 11 ) + e 3 (e 11 e 10 − e 
Minimal SO(10) model and its predictions
Now we are ready to estimate the SL LFV processes. In order to perform a concrete evaluation for the SL LFV processes, we need an information on the Yukawa couplings.
In this paper, we make use of the minimal SO(10) model, as an example which gives a precise information for the neutrino-Dirac-Yukawa couplings. We begin with an overreview of the minimal SUSY SO(10) model proposed in [22] and recently analysed in detail in Ref. [23, 24, 25, 26, 27] . Even when we concentrate our discussion on the issue how to reproduce the realistic fermion mass matrices in the SO(10) model, there are lots of possibilities for introduction of Higgs multiplets. The minimal supersymmetric SO(10) model is the one where only one 10 and one 126 Higgs multiplet have Yukawa couplings (superpotential) with 16 matter multiplets. Therefore, the quark and lepton mass matrices can be described as
, M e and M R denote up-type quark, down-type quark, neutrino Dirac, charged-lepton and right-handed neutrino Majorana mass matrices, respectively. Note that all the quark and lepton mass matrices are characterized by only two basic mass matrices, M 10 and M 126 , and three complex coefficients c 10 , c 126 and c R .
The mass matrix formulas in Eq. (4.1) lead to the GUT relation among the quark and lepton mass matrices, Without loss of generality, we can start with the basis where M u is real and diagonal, M u = D u . Since M d is the symmetric matrix, it can be described as
by using the CKM matrix V CKM and the real diagonal mass matrix 
With input data of six quark masses, three angles and one CP-phase in the CKM matrix and three charged-lepton masses, we can solve the above
by using a general unitary matrix U = e iα e iβT 3 e iγT 8 VCKMe
We omit the diagonal phases to keep the number of the free parameters in the model as small as possible.
equations and determine κ and |c d |, but one parameter, the phase of c d , is left undetermined [23] . The original basic mass matrices, M 10 and M 126 , are described by 8) as the functions of σ, the phase of c d , with the solutions, |c d | and κ, determined by the GUT relation. Now let us solve the GUT relation and determine |c d | and κ. Since the GUT relation of Eq. (4.2) is valid only at the GUT scale, we first evolve by renormalization group equations (RGE's) the data from the weak scale to the corresponding quantities at the GUT scale for a given tan β Then we and use them as input data at the GUT scale. Note that it is non-trivial to find a solution of the GUT relation, since the number of free parameters (fourteen) is almost the same as the number of inputs (thirteen). The solution of the GUT relation exists only if we take appropriate input parameters. By using the experimental data at the M Z scale [42] , we get the following absolute values for charged fermion masses (in units of GeV) and the CKM matrix at the GUT scale, M G , with tan β = 45, m s = 0.072 and δ = 1.518: Once the parameters, |c d | and κ, are determined, we can describe all the fermion mass matrices as a functions of σ from the mass matrix formulas of Eqs. (4.1), (4.7) and (4.8).
Interestingly, in the minimal SO(10) model even light Majorana neutrino mass matrix, M ν , can be determined as a function of the phase σ and c R through the seesaw mechanism
Now we give an example of the neutrino-Dirac-Yukawa coupling matrix which can fit the GUT relation. In the basis where both the charged-lepton and right-handed Majorana neutrino mass matrix are diagonal with real and positive eigenvalues, the neutrino Dirac Yukawa coupling matrix at the GUT scale for fixed σ = 3.223 [rad] is found to be Using these Yukawa coupling constant matrices, we proceed with numerical calculations. In evaluating the LFV branching ratios, we first solve the RGE's for the soft SUSY breaking parameters and the Yukawa couplings in the MSSM to determine the masses and mixings for the SUSY particles. Then we input these data into the formulae presented in the previous sections.
In the following, we list the input parameters what we used for the hadronization processes. For the pseudoscalar meson decay constants, we take as an input the following values [43] , The mixing angles between singlet and octet states for the vector mesons and for the pseudoscalar mesons that we use are [43] ,
In order to investigate the dependence of SL LFV branching ratios on model parameters we plot their dependence on mτ R : τ → eπ 0 , τ → eη, τ → eη ′ , τ → µπ 0 , τ → µη, and τ → µη ′ graphs in Fig. 1 , τ → eρ 0 , τ → µρ 0 τ → eφ, τ → µφ τ → eω, and τ → µω graphs in Fig 2, τ → Fig 3, and τ → eγ and τ → µγ graphs in Fig 4. In Fig 5. we plot the mτ R dependence of the quantities used to determine the alowed region of mτ R mass, the MSSM contribution to the anomalous magnetic moment ∆a µ and µ → eγ branching ratio, The parameters are chosen so as to satisfy the WMAP constraint on the cold dark matter (CDM) relic density [45] ,
We can transmute this value into the approximate relation between m 0 and M 1/2 , such as 3.0×10 -13 3.5×10 -13 4.0×10 -13 BR(τ ¡ µη′) 1.5×10 -13 BR(τ ¡ µω) processes are found to be 
The branching ratios for SL LFV decays . This parameter set can also predict the muon g − 2 within the range of the recent result of Brookhaven E821 experiment and also provides the τ → µγ and µ → eγ branching ratios close to the current experimental bound [6] . The ratio between two processes τ → e/µ π 0 and τ → e/µ η is a result of the dominance of the Z-boson-penguin amplitude in these processes, and reflects the difference in the form factors and the mixings between the singlet state and the octet state of the η mesons,
We can also see the correlation between the branching ratios for the processes τ → e/µ ρ 0 and τ → e/µ γ as BR(τ → e/µ ρ 0 ) ≃ 5.5 × 10 −3 × BR(τ → e/µ γ). It can be estimated on the basis of the photon-penguin-amplitude dominance in these amplitudes, giving
When we impose the constraints from discrepancy of τ and e + e − data in the muon g − 2 measurements [46] and from upper limits on the µ → eγ branching ratio, we obtain that the model permits the of mτ R values satisfying,
The lower bound comes from the muon g − 2 constraint. The µ → eγ gives also the lower bound but it is below the lower bound from the muon g − 2 constraint. The g − 2 curve has uprising behaviour above mτ R = 340 [GeV] , but at mτ R = 1000 [GeV] it is almost independent on mτ R and has a value 5.4 × 10 −10 , slightly below the present experimental g−2 uncertainty. Therefore, one can expect that the improvement of the g−2 measurements will give the upper limit on mτ R , too. Using the lower bound on mτ R values one can find the theoretical upper bounds for all leptonic and SL LFV branching ratios. Leptonic and dominant SL LFV deacays are given in Table I .
Summary
The evidence for the neutrino masses and flavour mixings implies the non-conservation of the lepton-flavour symmetry. Thus, the LFV processes in the charged-lepton sector are expected. In supersymmetric model based on the minimal SO(10) model, the values for the rates of the LFV processes are generally still several orders of magnitudes below the accessible current experimental bounds. In this paper, we have presented the detailed theoretical description for the SL LFV decays of the charged leptons with one or two pseudoscalar mesons or one vector meson in the final state. Also, some previous formulae have been corrected. The γ-penguin amplitude is corrected to assure the gauge invariance, the Z-penguin amplitude is corrected, new box contributions to the box amplitude has been found and previously neglected terms are given.
To evaluate the decay rates of the LFV processes within the MSSM, the parameters and the LFV interactions of the MSSM have to be specified. It has been shown [23] that the minimal SUSY SO(10) model can simultaneously accommodate all the observed quarklepton mass matrix data involving the neutrino oscillation data with appropriately fixed free parameters. In this model, the neutrino-Dirac-Yukawa coupling matrix are completely determined, and its off-diagonal components are the primary source of the lepton-flavour violation in the basis where the charged-lepton and the right-handed neutrino mass matrices 
11.7 × 10 −7 Table 1 : Theoretical upper bounds ℓ → ℓ ′ γ processes and dominant SL LFV processes. The upper bound is obtained from the muon g − 2 constraint. We referred the experimental data mainly from [44] and partly from [43] .
are real and diagonal. Using this Yukawa coupling matrix, we have calculated the rate of the LFV processes assuming the mSUGRA scenario. The analytical formulae of various SL LFV processes, ℓ i → ℓ j P, ℓ i → ℓ j V, ℓ i → ℓ j P P are given. Using these formulae, we have numerically evaluated ℓ i → ℓ j P, ℓ i → ℓ j V and ℓ i → ℓ j P 1 P 2 branching ratios. Among these, the branching ratios of τ → µγ and µ → eγ may be interesting for the near future experiments. The typical CMSSM parameters used in calculations can realize the neutralino dark matter scenario by the WMAP data. 
A. Notation for the MSSM Lagrangian
Here we summarize our notation necessary for defining the masses of the sparticles in the MSSM Lagrangian.
Then the charged fermion mass matrices are given by
The mass matrix of the charginos is written as:
The mass matrix of the neutralinos is written as:
The mass matrices of the squarks are written as follows:
The mass matrices of the sleptons are written as follows:
They are diagonalized with unitary matrices as follows: 
iAX P L + N R(e) iAX P R χ 0 A e X + h.c.
(Q A ) and third component of the weak isospin (I 3A ) are not in general flavour-diagonal in the mass basis, because the mixed states may have different I 3A values. For LFV processes the interaction of photon and Z-boson with charginos, neutralinos and sfermion fields is needed. The Lagrangians for the corresponding weak-basis fields is easily written knowing the charges and I 3 -s of these fields. After transformation from the weak-basis to the mass-basis the following interaction Lagrangians are obtained
where 
D. Loop functions
In this Appendix the loop functions appearing in the Z-boson amplitude and the box amplitudes are listed.
Z-boson loop functions
The Z-boson amplitude comprises two-loop functions from the triangle-diagram part of the amplitude, F 1 (a, b, c) and F 2 (a, b, c), and two-loop functions from the self-energy part of the amplitude, f 1 (a, b) and f 2 (a, b) are 
